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CHIP PACKAGE WITH MOLDED UNDERFILL

RELATED APPLICATION

[0001] This application is a continuation-in-part of U.S.
application Ser. No. 08/959,927, filed Oct. 29, 1997.

FIELD OF INVENTION

[0002] The invention relates to chip packages and a
method used for manufacturing chip packages and, more
particularly, to an integrated circuit chip package mounting
system and a method of electrically connecting and mount-
ing integrated circuit chips to a substrate.

BACKGROUND OF THE INVENTION

[0003] Flip chip technology is well known in the art for
electrically connecting an integrated circuit chip to an inte-
grated circuit substrate or package. Formation of one type of
flip chip involves forming solder bumps on electrical inter-
connection pads on the active or front side of a semicon-
ductor chip. The chip with solder bumps is prepared with a
flux material and then is inverted onto a laminate substrate
with the solder bumps aligned with metal circuits provided
on the substrate. The flux cleans and activates the solder
bumps for melting or reflowing. The solder bumps on the
chip are then soldered to the metal pads on the substrate by
melting the solder in a reflow furnace. A solder joint is
formed by the reflowing of the solder between the semicon-
ductor chip and the substrate. After the chip has been
attached to the substrate by the reflow soldering process,
narrow gaps are present between the solder bumps and
between the chip and substrate. The gap between the chip
and the substrate is determined by the height of the solder
bumps, the flux preparation process, and the reflow process.
Solder bumps have a tendency to reflow too much, resulting
in a very narrow gap between the chip and the substrate. The
current reflow process includes the use of a solder resist
mask that covers the substrate surface to be mated with the
solder bumps. An etching process removes the areas of the
solder resist mask where the solder bumps are to reflow onto
the circuit traces. If the gap between the chip and the
substrate is too narrow, then the underfill process can be
negatively affected since the capillary action is dependent on
the size of the gap. Moreover, the underfill material may
adhere to the solder resist mask which would further impede
the capillary action of the underfill material during the
underfilling process.

[0004] The substrate is typically comprised of a ceramic
material or a polymer composite laminate while the chip is
formed of silicon. For example, when the substrate is
comprised of a polymer composite laminate and the semi-
conductor chip is formed of silicon, there is a mismatch in
the coefficient of thermal expansion between the semicon-
ductor chip and the substrate on which the chip is mounted.
During temperature cycling, the semiconductor chip and
substrate expand and contract at differing rates. Accordingly,
the soldered joints between the semiconductor chip and the
substrate will have a tendency to fail because of the coef-
ficient of thermal expansion mismatch. In addition, because
of the very small size of the solder joints, the joints are
subject to failures.

[0005] The strength of the solder joints between the inte-
grated circuit chip and the substrate are typically enhanced
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by underfilling the space between the semiconductor chip
and the substrate and around the solder joints. The underfill
material is typically a polymer adhesive which reduces
stress on the solder joints. A filler material may be added
with the underfill material to improve the mechanical and
electrical properties of the underfill material.

[0006] The conventional method of underfilling includes
dispensing the underfill material in a fillet or bead extending
along two or more edges of the chip and allowing the
underfill material to flow by capillary action under the chip
to fill all the gaps between the semiconductor chip and the
substrate. The solder bumps create a very narrow gap
between the semiconductor chip and the substrate which is
about 0.002-0.005 inches (0.051-0.127 mm). Therefore, the
underfill material which is capable of flowing through these
narrow gaps contains only a small amount of filler material
because the filler material will prevent the underfill material
from flowing easily into the gaps. This type of underfill
material with a low amount of filler material has an
extremely high mismatch of coefficient of thermal expansion
with the semiconductor chip, the solder bumps, and the
substrate. Accordingly, it would be desirable to use an
underfill material having more filler and thus, less of a
thermal expansion coefficient mismatch with the substrate
and chip. It would also be desirable to have means to control
the height of the gap between the chip and the substrate
during and after the reflow of the solder bumps.

[0007] An additional benefit of using an underfill material
having more filler is that the filler material reduces moisture
absorption. Where the underfill material absorbs less mois-
ture, delamination between the underfill material and the
substrate surface and/or the semiconductor chip is less likely
to occur. Further, liquid adhering to the underfill material
may result in contamination problems.

[0008] FIGS. 1 and 1q illustrate an example of an inte-
grated circuit chip 100 which has been attached to a sub-
strate 102 by solder bumps 104 and underfilled by a con-
ventional method. The underfill material 114 has been drawn
into the spaces between the solder bumps 104 by capillary
action to fill the air spaces between the integrated circuit
chip 100 and the substrate 102. FIG. 2 illustrates the
substrate 102 with circuit traces 106 after the application of
a liquid photo-imagable solder mask 108, which is known in
the art. FIG. 3 illustrates the chip package before the
soldering reflow process with the chip 100 spaced from the
substrate 102. The solder mask 108 has a series of openings
110 etched into the mask 108 to accept the solder bumps 104
during the reflow process. FIG. 4 illustrates the chip pack-
age after the reflow process and after the underfilling pro-
cess. The solder bumps 104 reflow to make electrical contact
with the circuit traces 106, and the resulting gap 112 is a
function of the how much the solder bumps 104 melt and
collapse during the reflow process. Then the gap is under-
filled with underfill material 114. If the gap 112 becomes too
narrow during the reflow process, it is difficult to completely
underfill the area between the chip 100 and the substrate
102.

[0009] The use of capillary action to draw the underfill
material into the gap between the integrated circuit chip and
the substrate takes between 2 and 10 minutes, depending on
many factors including the size of the chip, the size of the
gap between the chip and the substrate, and the underfill
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material used. Another drawback of the conventional under-
filling method is the occurrence of voids in the underfilling
material, especially if the gap has become narrowed during
the reflow process. Additionally, the conventional underfill-
ing method does not allow for means to control the height of
the gap between the chip and the substrate. Yet another
drawback of the conventional underfilling method is that the
underfill material does not bond well to the solder mask
material.

[0010] Accordingly, a need exists for an underfilling
method for completely filling the spaces between an inte-
grated circuit chip and a substrate which can reliably under-
fill at a faster rate than known methods and wherein the
height of the gap between the chip and the substrate after the
reflow process is controlled. There also exists a need for an
underfilling method that reduces or eliminates the use of the
solder mask so that the underfill can bond directly to the
substrate.

SUMMARY OF THE INVENTION

[0011] An integrated circuit chip package according to one
aspect of the present invention includes an integrated circuit
chip having an active surface with interconnection pads
disposed thereon, and a substrate having a first surface with
bonding pads substantially corresponding to the intercon-
nection pads of the integrated circuit chip and a second side
having a plurality of solder pads electrically interconnected
with the bonding pads. A vent hole extends from the first side
to the second side of the substrate and is positioned beneath
the integrated circuit chip when the chip is mounted on the
substrate. A plurality of solder bumps electrically connect
the interconnection pads of the integrated circuit chip with
the bonding pads on the first side of the substrate. A plurality
of standoffs are located at the outer peripheral edges of the
chip to control the height of the gap between the chip and the
substrate after the soldering reflow process. Amolded under-
fill material is molded around the integrated circuit chip. The
molded underfill material surrounds the solder bumps
between the integrated circuit chip and the substrate and
extends into the vent hole in the substrate.

[0012] A further aspect of the present invention relates to
controlling the height of the gap between the chip and the
substrate during and after the reflow process through the use
of a controlled application of flux material to the solder
bumps. The substrate has a measured layer of flux on the first
surface that is approximately half of the solder bump height.
The measured layer of flux controls the amount of reflow
that occurs and, therefore, controls the resulting gap between
the chip and the substrate after the reflow process.

[0013] Yet a further aspect of the present invention relates
to a method of underfilling an integrated circuit chip which
has been electrically interconnected to a substrate. The
method includes the steps of placing the integrated circuit
chip and substrate within a mold cavity, injecting a mold
compound into the mold cavity, underfilling a space between
the integrated circuit chip and the substrate with the mold
compound by the pressure of injection of the mold com-
pound into the mold cavity, and allowing air to escape from
between the integrated circuit chip and the substrate during
underfilling through a vent in the substrate.

[0014] The present invention addresses the deficiencies of
known reflowing and underfilling methods by controlling
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the gap between the chip and the substrate during the reflow
process and by underfilling faster and more reliably than the
known methods. In addition, the present invention forms an
encapsulated integrated circuit chip package and performs
underfilling in the same step.

BRIEF DESCRIPTION OF THE DRAWING
FIGURES

[0015] The invention will be described in greater detail
with reference to the accompanying drawings in which like
elements bear like reference numerals, and wherein:

[0016] FIG. 1 is a side view of an integrated circuit chip
mounted on a substrate and underfilled according to a prior
art method;

[0017] FIG. 1a is an enlarged side view of a portion of the
integrated circuit chip and substrate of FIG. 1;

[0018] FIG. 2 is an enlarged side view of a portion of the
substrate according to the prior art method;

[0019] FIG. 3 is an enlarged side view of a portion of the
chip and substrate prior to being bonded together according
to the prior art method;

[0020] FIG. 4 is an enlarged side view of a portion of the
chip and substrate after being bonded together according to
the prior art method;

[0021] FIG. 5 is a top view of an integrated circuit chip
with solder balls positioned on an active surface of the chip;

[0022] FIG. 6 is a side view of the integrated circuit chip
of FIG. 5;

[0023] FIG. 7 is a cross-sectional side view of an inte-
grated circuit chip mounted on a substrate, and the integrated
circuit chip has been underfilled and encapsulated according
to the present invention;

[0024] FIG. 7a is an enlarged cross-sectional side view of
a portion of the integrated circuit chip of FIG. 7;

[0025] FIG. 8 is a top plan view of a portion of the
integrated circuit chip and a plurality of standoffs;

[0026] FIG. 9 is a cross-sectional side view of an alter-
native embodiment showing an integrated circuit chip with
solder bumps prior to being dipped into a flux material
according to the present invention;

[0027] FIG. 10 is a cross-sectional side view of the
alternative embodiment of FIG. 9, the integrated circuit chip
with solder bumps being dipped in the flux material,

[0028] FIG. 11 is an enlarged cross-sectional side view of
an alternative embodiment of the present invention showing
a portion of the integrated circuit chip after the reflow
process;

[0029] FIG. 12 is a cross-sectional side view of an inte-
grated circuit chip and substrate placed within a mold cavity
according to the present invention;

[0030] FIG. 13 is a cross-sectional side view of the mold
of FIG. 12 during underfilling;

[0031] FIG. 14 is a cross-sectional side view of the mold
of FIG. 12 when underfilling has been completed;
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[0032] FIG. 15 is a cross-sectional side view of an addi-
tional embodiment of the mold without an overflow channel;

[0033] FIG. 16 is a cross-sectional side view of an alter-
native embodiment of an integrated circuit chip package;
and

[0034] FIG. 17 is a cross-sectional side view of another
embodiment of an integrated circuit chip package according
to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0035] The integrated circuit chip package 10 according to
the present invention is illustrated by way of example in
FIG. 7 and includes an integrated circuit chip 12, a substrate
14, and a mold compound 16 encapsulating the chip and
underfilling between the chip and the substrate. The inte-
grated circuit chip package 10 is formed by transfer molding
the package in a mold tool by a process which is described
below with reference to FIGS. 12-15.

[0036] The integrated circuit chip package 10 according to
the present invention can be made much faster than a similar
package made using conventional underfilling techniques. In
addition, the mold compound 16 used for underfilling also
encapsulates the integrated circuit chip 12 in a single mold-
ing step. Further, as described below, the gap between the
integrated circuit chip 12 and a substrate 14 is controlled by
the use of a series of standoffs, which improves the disclosed
underfilling method.

[0037] With reference to FIGS. 5 and 6, the integrated
circuit chip 12 has an active upper surface 18 having metal
circuits thereon. A plurality of solder bumps 20 are formed
on the active surface 18 of the integrated circuit chip 12 for
electrical interconnection of the chip to the substrate 14. The
patterns of the solder bumps 20 on the integrated circuit chip
12 will vary widely between chips and may have spaces
between the solder bumps which are as small as approxi-
mately 0.001 inches (0.025 mm). The solder bumps 20
themselves have a height which is approximately 0.005
inches (0.127 mm) and typically range from 0.004 inches to
0.005 inches.

[0038] The substrate 14, as shown in FIGS. 7 and 7a,
includes an upper surface 22 having bonding pads or circuit
traces 25 which are located to substantially correspond to the
locations of the interconnection pads and solder bumps 20
on the active surface 18 of the integrated circuit chip 12. A
lower surface 28 of the substrate 14 also has a plurality of
solder pads (not shown) which are electrically intercon-
nected with the bonding pads on the top side of the substrate.
The solder pads on the underside of the substrate are each
provided with substrate solder bumps 24 which allow elec-
trical interconnection between the integrated chip package
10 and a circuit board. The solder bumps 24 may be replaced
by pins or the solder pads may be used alone without the
solder bumps. According to the present invention the sub-
strate 14 includes a vent hole 26 extending between the
upper surface 22 and the lower surface 28 of the substrate
and positioned at or near a center of the integrated circuit
chip 12.

[0039] When the integrated circuit chip 12 is positioned on
the substrate 14, the solder bumps 20 are melted by a reflow
furnace to connect the integrated circuit chip to the substrate.
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The reflowed chip and substrate are separated by a distance
D which is 0.001 inches (0.025 mm) to 0.006 inches (0.152
mm), preferably approximately 0.003 inches (0.076 mm) to
0.005 inches (0.127 mm).

[0040] According to the present invention, the underfilling
material or mold material 16 is provided between the
integrated circuit chip 12 and the substrate 14 and surround-
ing each of the solder bumps 20. The underfill material 16
is a thermoset mold compound which is forced into air gaps
between the chip and the substrate by the pressure of the
mold compound being forced into the mold tool. The forcing
of the mold compound 16 under the chip 12 to provide
underfilling provides substantial time savings over the con-
ventional method of allowing the underfill material to be
drawn under the chip by capillary action.

[0041] The vent hole 26 extending through the substrate
14 allows air to escape from between the integrated circuit
chip 12 and the substrate 16 as the mold compound is forced
underneath the chip and prevents air pockets from becoming
trapped by the mold compound. The vent hole 26 is pref-
erably positioned near a center point of a chip receiving area
on the substrate upper surface 22. However, the locations of
the solder bumps 20 may require that the vent hole 26 be
located somewhat displaced from the center of the chip
receiving area on the substrate. Alternatively, multiple vent
holes may be used, as shown in FIG. 17. The vent hole 26
in the substrate 14 has a cross-sectional area which may vary
depending on its location and the chip size and is typically
between 0.004 inches (0.102 mm) to 0.030 inches (0.762
mm), and preferably between 0.006 inches (0.152 mm) and
0.012 inches (0.305 mm).

[0042] As stated above, the conventional method of under-
filling utilizes capillary action to draw the underfill material
between the integrated circuit chip and the substrate. As
shown in FIG. 4, the prior art has a resultant gap 112 that is
dependant upon the amount of reflow or melting of the
solder bumps 104. If the gap is too narrow or too large after
the reflow process, the underfilling process may not work
because of gaps in the underfill material and because the
necessary capillary action requires a certain gap size.

[0043] According to the present invention, means to con-
trol the distance D or gap between the integrated circuit chip
12 and the substrate 14 is disclosed. Referring to FIGS. 7,
7a and 8, a plurality of standoffs 29 are positioned between
the integrated circuit chip 12 and the substrate 14 at the
peripheral edges. Preferably, for rectangular shaped inte-
grated circuit chip 12, four standoffs 29 are located at each
corner of the circuit chip. It should be noted, however, that
the standoffs do not have to be located at the peripheral edge
of the circuit chip 12. The standoffs could be arranged in a
variety of ways with the only requirement that there is a
passage for the underfill material to pass around the stand-
offs during the underfilling process. In addition, any number
of standoffs could be utilized. For example, a tripod arrange-
ment of three standoffs could be utilized. Or eight standoffs
could be evenly spaced around the circuit chip 12. In the
alternative, the standoff 29 could be a continuous piece
around the periphery of the circuit chip 12 with apertures to
allow the flow of the underfill material into solder bump area
between the circuit chip 12 and the substrate 14. The
standoffs 29 are made of liquid photo-imagable material (an
epoxy and acrylic based material) and process, or LPI as
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known in the art. The LPI process is used to locate and
register where the standoffs are to be located in relation to
the substrate 14.

[0044] Prior to the reflow process, flux material is applied
to the solder bumps or the substrate 14. An advantage of the
use of standoffs 29 is that the flux material can be applied to
the solder bumps by a screen printing process without
concern for the application of too much flux. Another
advantage of the use of standoffs 29 is that the underfill
material adheres better to the substrate material 14 than the
solder mask material of the prior art. Yet another advantage
of the use of standoffs 29 is that the overall height of the
package 10 is smaller since the solder mask material of the
prior art has been eliminated.

[0045] An alternative embodiment to control distance D or
the gap between the circuit chip 12 and the substrate 14 is
shown in FIGS. 9-11. FIG. 9 shows an integrated circuit
chip 12' with solder bumps 20' before the solder bumps 20'
are lowered into a base 31 that has a recess 33. The depth F
of the recess is approximately one half of the height of the
solder bump 20" or 0.0025 inches (0.064 mm) to 0.003
inches (0.076 mm). The recess 33 is filled with flux material
35 by a squeegee or other method that compacts the flux
material 35 evenly into the recess 33. After the recess 33 is
filled with the flux material 35, the solder bumps 20' are
placed into the full depth of the recess 33 so that the lower
portion of each solder bump is substantially evenly coated
with flux material 35. FIG. 11 illustrates the package 10'
after the integrated circuit chip 12' has been bonded to the
substrate 14' and after the underfill 16' has been molded into
the package 10' by the underfilling method according to the
present invention.

[0046] With reference to FIGS. 12-15, the method of
underfilling according to the present invention employs a
mold 30 having a top half 32 and bottom half 34. The bottom
half 34 of the mold is provided with cavities 36 for receiving
the substrate solder bumps 24 on the lower side of the
substrate. Alternatively, the mold cavities 36 may be elimi-
nated and the substrate solder bumps 24 or pins may be
attached after underfilling.

[0047] The bottom half 34 of the mold also includes a
mold material overflow channel 38 which is positioned to
receive mold material which passes through the central vent
hole 26 in the substrate. Mold material which collects in the
overflow channel 38 forms an overflow bead 48 of mold
material on an underside of the substrate 14 as shown in
FIGS. 7, 13, and 14.

[0048] The top half 32 of the mold defines an upper half
of a mold cavity 40 and an upper half of an overflow cavity
42. Between the top and bottom halves of the mold 30, a
mold compound inlet 44 is provided through which the mold
material is introduced into the mold cavity 40. In addition,
a vent 46 connects the mold cavity 40 to the overflow cavity
42.

[0049] The molding process of the present invention is a
transfer molding process with an operating temperature
between approximately 150° C. and 180° C. and material
pressures of approximately 300-1000 psi (0.144-0.479 bars).
The transfer molding composition used in the present inven-
tion, once cured, does not become flowable upon reheating.

[0050] When the mold material is injected into the mold
cavity 40 through the inlet 44 as shown in FIG. 13, the mold
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compound fills the mold cavity surrounding the integrated
circuit chip 12 and the sides of the substrate 14. The mold
compound is also forced between the chip 12 and the
substrate 14 and into the air gaps which are present between
the solder joints formed by the solder bumps 20. Therefore,
the mold compound encapsulates all six sides of the 12 chip.

[0051] A pressure within the mold cavity 40 must be
controlled while the underfilling process is performed to
prevent the pressure within the mold cavity from exceeding
a predetermined pressure threshold and pressing the chip 12
down onto the substrate with a force causing crushing of the
solder bumps 20 before the underfilling process is complete.
The mold cavity pressure is controlled by the mold vent 46
which allows some of the mold compound to escape from
the mold cavity 40 into the overflow cavity 42. The size and
shape of the mold vent 46 is particularly designed so that a
predetermined threshold pressure within the mold cavity at
which the solder bumps 20 would be crushed is not reached.
The overflow cavity 42 accommodates a sufficient amount
of mold compound to provide pressure control during the
underfilling process. Once underfilling has been completed,
and the solder bumps 20 and the standoffs 29 are completely
surrounded by the mold compound, there is no longer a risk
of excessive pressure in the mold cavity 40 causing the
solder bumps to be crushed.

[0052] During the underfilling process, the mold com-
pound moves radially inwardly from each of the edges of the
integrated circuit chip 12 until it reaches the vent hole 26 in
the substrate. The mold compound then passes through the
vent hole 26 into the overflow channel 38 in the bottom half
of the mold 34 and extends along a portion of the lower
surface 28, or a second side, of the substrate forming the
overflow bead 48. The volume of mold compound which can
be held in both the vent hole 26 and the overflow channel 38
is designed to allow mold material to continue to pass into
the vent hole of the substrate 14 until all the air spaces
between the integrated circuit chip 12 and substrate have
been completely filled. The total transfer time for the mold
cavity 40 to be filled and for underfilling to be completed is
preferably between approximately 15 and 20 seconds. The
cure time for the thermoset mold material to cure is then
between about 60 and 200 seconds. After this cure time, the
mold is opened and the integrated circuit chip package 10 is
removed from the mold. The total cycle time for underfilling
and encapsulation of the integrated circuit chip 12 in the
present invention is significantly better than the time for
underfilling alone with the known underfilling methods
employing capillary action.

[0053] An apparatus for delivery of the mold compound to
the mold inlet 44 may be any of the known delivery systems
including those employing a plunger to press a mold com-
pound in pellet form into the mold tool. Alternatively, a
multiple plunger system may be used to control the pressure
of the mold compound being pressed into each mold cavity
when a plurality of cavities are being filled. The multiple
plunger system may be used either with or without the use
of an overflow cavity 42 for additional pressure regulation.

[0054] As illustrated in FIG. 15, in an alternative embodi-
ment, the mold cavity 140 is substantially similar to the
mold cavity of FIG. 12, except that the bottom half of the
mold 134 does not include an overflow channel. During the
underfilling process, the mold compound moves radially
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inwardly from each of the edges of the integrated circuit chip
112 until it reaches the vent hole 126 in the substrate 114.
The mold compound then passes into the vent hole 126
while continuing to fill the air spaces between the integrated
circuit chip 112 and the substrate 114. The vent hole 126 is
designed so that the mold material can continue to pass into
the vent hole and fill all the air spaces between the integrated
circuit chip 112 in a substantially even or uniform manner.
Accordingly, the vent hole 126 provides a means for air to
escape from between the integrated circuit chip 112 and the
substrate 114 during the underfilling process, as well as a
means for holding the mold compound while it fills the air
spaces between the integrated circuit chip in a substantially
even or uniform manner. The vent hole 126 may be any
suitable shape including, but not limited to, circular, rect-
angular, hexagonal, or the like.

[0055] According to another variation of the present
invention, an integrated circuit chip package 150 as shown
in FIG. 16 is formed in which the integrated circuit chip 152
is mounted on a substrate 154 and is not fully encapsulated
by a mold compound 156. According to this aspect of the
invention, the integrated chip package 150 is formed in a
mold cavity having an upper mold half which engages a
surface 158 of the integrated circuit chip 152. In this manner,
the mold compound 156 surrounds the edges of the inte-
grated circuit chip 152 and the edges of the substrate 154,
but does not enclose the chip within the mold compound
156.

[0056] The integrated circuit chip package 150 shown in
FIG. 16 is formed in the same manner as that of FIG. 7 by
reflow soldering the integrated circuit chip 152 to the
substrate 154 by a plurality of solder bumps 120. The
integrated circuit chip 152 and substrate 154 are then placed
into a mold cavity and a transfer molding compound 156 is
injected into the mold cavity around the integrated circuit
chip 152 and substrate 154 and forced into the space
between the chip and the substrate to underfill all gaps
between the solder bumps 120. The modified integrated
circuit chip package 150 of FIG. 16 does not require that
precautions be taken to prevent crushing solder bumps due
to the fact that pressure is not applied by the mold compound
to the exposed backside surface 158 of the chip 152.

[0057] FIG. 17 shows an alternative embodiment with
multiple vent holes 26 in the substrate. It will be appreciated
by those skilled in the art that any number of vent holes may
be utilized to accommodate the overflow of the mold mate-
rial.

[0058] The transfer molding process according to the
present invention may be used for a wide variety of inte-
grated circuit chip shapes, sizes, and types. The transfer
molding composition may be modified as known to those in
the art to achieve different transfer times, cure times, flow
characteristics, and post cure properties.

[0059] The mold compound 16 for use in the present
invention includes a combination of one or more adhesive
and one or more filler material. It is also a compound that is
forced by pressure to cause the composition to flow, in
contrast to the prior art liquid material that flows from
capillary action. The mold compound 16 may comprise
other suitable materials to improve the properties of the chip
package. For example, the mold compound 16 may contain
silicone, to improve stress relief; wax, to enhance mold
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release; or scavengers, to reduce the detrimental electrical
effect that ionic impurities in the mold compound may
cause.

[0060] The filler material is a transfer molding composi-
tion that is a solid at room temperature prior to curing. The
filler material is between about 60 and 95 percent of the
mold compound and preferably between 75 and 85 percent
of the mold compound. The filler material may be silica,
quartz, or any other known filler material having particle
diameters which are preferably 0.35-2 mils (0.01-0.05 mm).
The filler material particles may be formed in different
shapes such as spherical, elongated, or irregularly shaped to
achieve different flow characteristics. The adhesive material
may be any known adhesive material, such as a novolac
€POXY.

[0061] While the invention has been described in detail
with reference to the preferred embodiments thereof, it will
be apparent to one skilled in the art that various changes and
modifications can be made, and equivalence employed with-
out departing from the spirit and scope of the inventions.

What is claimed is:
1. An integrated circuit chip package comprising:

an integrated circuit chip having an active surface with
interconnection pads disposed thereon;

a substrate having a first side with bonding pads substan-
tially corresponding to the interconnection pads of the
integrated circuit chip, a second side having a plurality
of solder pads electrically interconnected with the
bonding pads, and a vent hole extending from the first
side to the second side of the substrate and positioned
beneath the integrated circuit chip when the chip is
mounted on the substrate;

a plurality of solder bumps electrically connecting the
interconnection pads of the integrated circuit chip with
the bonding pads on the first side of the substrate;

a standoff to control a distance between the integrated
circuit chip and the substrate; and

a molded underfill material molded around the integrated
circuit chip, the molded underfill material surrounding
the solder bumps between the integrated circuit chip
and the substrate, and the molded underfill material
extending into the vent hole in the substrate.

2. The integrated circuit chip package according to claim
1, wherein the molded underfill material covers a backside
of the integrated circuit chip encapsulating the chip.

3. The integrated circuit chip package according to claim
1, wherein the molded underfill material overflows the vent
hole and extends along a portion the second side of the
substrate.

4. The integrated circuit chip package according to claim
1, wherein the substrate includes edge surfaces and the
molded underfill material covers the edge surfaces of the
substrate.

5. The integrated circuit chip package according to claim
1, wherein the molded underfill material is epoxy.

6. The integrated circuit chip package according to claim
1, wherein the vent hole is positioned in the substrate at
substantially a center of an area occupied by the integrated
circuit chip.
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7. The integrated circuit chip package according to claim
1, wherein the molded underfill material includes epoxy and
between about 60 and 95 percent filler material.

8. The integrated circuit chip package according to claim
1, wherein a distance between the integrated circuit chip and
the substrate is approximately 0.001-0.006 inches.

9. The integrated circuit chip package of claim 1, wherein
the standoff has at least one aperture to allow a flow of the
molded underfill material between the integrated circuit chip
and the substrate.

10. The integrated circuit chip package of claim 1, further
comprising:

a plurality of standoffs located between the integrated
circuit chip and the substrate, the plurality of standoffs
to control the distance between the integrated circuit
chip and the substrate.

11. The integrated circuit chip package of claim 10,
wherein the integrated circuit chip has a substantially rect-
angular shape, and one of the plurality of standoffs support-
ing said integrated circuit chip is located at each corner.

12. A method of underfilling an integrated circuit chip
which has been electrically interconnected to a substrate
with at least one standoff located between the integrated
circuit chip and the substrate, the method of underfilling
comprising the steps of:

placing the integrated circuit chip, standoff and substrate
within a mold cavity;

injecting a mold compound into the mold cavity;

underfilling a space between the integrated circuit chip
and the substrate with the mold compound by the
pressure of injection of the mold compound into the
mold cavity; and

allowing air to escape from between the integrated circuit
chip and the substrate during underfilling through a
vent in the substrate.

13. The method of underfilling according to claim 12,
wherein the mold compound passes into the vent in the
substrate to insure complete underfilling of all spaces
between the integrated circuit chip and the substrate.

14. The method of underfilling according to claim 13,
wherein the vent assists in a substantially even underfilling
of all spaces between the integrated circuit chip and the
substrate.

15. The method of underfilling according to claim 12,
wherein excess mold compound passes into an overflow
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cavity provided in the mold adjacent the vent at a side of the
substrate opposite the integrated circuit chip.

16. The method of underfilling according to claim 12,
wherein excess mold compound is vented out of the mold
cavity to prevent the pressure in the mold cavity from
reaching a predetermined level.

17. The method of underfilling according to claim 12,
wherein the mold compound is a transfer molding com-
pound.

18. The method of underfilling according to claim 12,
wherein the integrated circuit chip is encapsulated by the
mold compound injected into the mold cavity.

19. The method of underfilling according to claim 12,
wherein the mold compound includes epoxy and between
about 60 and 95 percent filler material.

20. The method of underfilling according to claim 12,
wherein the standoff has at least one aperture to allow the
flow of the molded underfill material between the integrated
circuit chip and the substrate.

21. A method of underfilling an integrated circuit chip
which has been electrically interconnected to a substrate, the
method of underfilling comprising the steps of:

placing the integrated circuit chip and substrate within a
mold cavity, the integrated circuit chip having a plu-
rality of solder bumps;

applying a flux material onto the solder bumps;
injecting a mold compound into the mold cavity;

underfilling a space between the integrated circuit chip
and the substrate with the mold compound by the
pressure of injection of the mold compound into the
mold cavity; and

allowing air to escape from between the integrated circuit
chip and the substrate during underfilling through a
vent in the substrate.

22. The method of underfilling according to claim 21,
wherein the flux material controls the distance between the
integrated circuit chip and the substrate.

23. The method of underfilling according to claim 22,
wherein the flux material has a predetermined thickness of
approximately half of the height of the solder bumps.

24. The method of underfilling according to claim 20,
further comprising:

soldering the integrated circuit chip to the substrate after
applying flux material onto the solder bumps.
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